Objective: The impact of pain and depression on health-related quality of life (QoL) is widely investigated, yet the pain-depression interactions on QoL remain unclear. This study aims to examine the pain-depression-QoL mediation link. Methods: Pain severity were assessed in a sample of Chinese professional teachers (n = 385). The subjects were also assessed on depressive symptoms and QoL. Regression models were fitted to evaluate the pain-depressionQoL relationships. Results: About 44% of the sample had 3-5 painful areas in the past 3 months. Shoulder pain (60%) and headache (53%) were common painful areas. The results of regression analyses showed that pain mediated the effects of depression on the mental aspect of QoL (standardized b = -0.111; Sobel test: z = -3.124, p < 0.005) whereas depression mediated the effects of pain on the physical aspect of QoL (standardized b = -0.026; Sobel test: z = -4.045, p < 0.001). Conclusions: Our study offered tentative evidence that pain and depression impacted differently on the mental and physical aspect of QoL. As these findings were based on a Chinese teacher sample, future studies should employ more representative samples across cultures to verify the present data.
Introduction
Chronic pain and depression are often co-morbid. The prevalence of depression among pain patients ranges from 10% [1] to 100% [2] , whereas about 30% [3] to 100% [4] of depressed patients report pain. The nature and mechanism of the pain-depression association has been widely investigated [5] , yet remain largely inconclusive. Research on the causal direction(s) of the paindepression relationship has focused on three major lines of investigation [6] . First, depression as a precursor for pain, sensitizing a person to experience pain [7] . Second, depression as a result of pain due to the sustained reduction in physical and social activities [8] . Lastly, depression and pain share the same or similar underlying biophysiological mechanisms [9] .
The impact of pain and depression on health-related quality of life (QoL) has been well documented. Pain impacts different aspects of QoL and impairs general health perceptions among cancer patients [10] . Pain also impairs mental and physical functioning and generates severe anxiety [11] . Depressed individuals generally report poorer QoL [12] . Depression predicted QoL among bereaved adults [13] and in patients with cancer [14] . Both pain and depression independently predicted QoL in Chinese cancer patients [15] . Despite these links between QoL, pain and depression, clarification of any pain-depression interactions impacting QoL is lacking. Specifically, the extent to which pain exerts differential effects on QoL with different domains was unclear. We therefore explored the relationships between pain, depression, and QoL, considering the mediating effects of both pain and depression on two core dimensions of QoL, physical and mental.
Methods
Following IRB approval, questionnaires were sent to 14 primary schools which were randomly selected from the New Territories district in Hong Kong. A total of 385 (response rate: 72%) professional teachers completed the questionnaires. About 78% were females and over half fell into the age group of 21-30 (31.7%) or 31-40 (38.1%) years. About 40% were Christians whereas 52% were married.
Pain severity
Pain severity was first identified by affirmative answer to a question, "Are you currently troubled by physical pain for ≥ 3 months?" Subjects answering yes to the question were then assessed using the Chronic Pain Grade (CPG) questionnaire [16] , a seven-item instrument assessing severity in three dimensions: persistence, intensity and disability. The three intensity items ask respondents to rate their current, average and worst pain intensity on 0 -10 Numerical Rating Scales (NRS) (0 = "No pain at all"; 10 = "Pain as bad as could be"). A Characteristic Pain Intensity Score (score range: 0-100) is derived by averaging the responses to the intensity items and multiplying this by 10. Three CPG items assess pain interference with (1) daily activities, (2) social activities, and (3) working ability using 0 -10 NRSs (0 = "No interference/change"; 10 = "Unable to carry on activities/ extreme change"). The CPG Disability Score (score range: 0-100) is derived by multiplying the average of the three interference items by 10. Persistence is assessed in the original CPG by asking the respondent to indicate the number of days out of the past six months days that he or she was disabled by pain (although we modified this to "the past three months" because chronic pain is now defined as pain that persists for at least three months 24 ). The Disability Score and the number of disability days are recoded into 5-point scales (Disability Score: 0 = "0-29", 1 = "30-49", 2 = "50-69", 3 = "70 or above"; Disability Days: 0 = "0-6 days", 1 = "7-14 days", 2 = "15-30 days", 3 = "31 days or above") and summed, yielding "Disability Points". Based on the Pain Intensity Score and Disability Points, CPG classifies chronic pain into five hierarchical grades: Grade Zero (pain free), Grade I (low disability-low intensity), Grade II (low disability-high intensity), Grade III (high disability-moderately limiting) and Grade IV (high disability-severely limiting). Previous reports indicated that CPG is a valid and reliable instrument [17] . The Chinese version of CPG also demonstrated good psychometric properties in a Chinese community sample [18] .
Depression
The 7-item depression subscale of the Hospital Anxiety and Depression Scale (HADS-D) [19] was employed to evaluate depressive symptoms of the respondents. The HADS-D is scored between 0 and 21, with higher scores indicating greater levels of depressive symptoms. The Chinese version has good psychometrics [20] . A cut-off score of 8 was recommended for HADS-D for both the Western and Chinese population [19, 20] .
Quality of life
Respondents also answered the Medical Outcomes Study 12-item Short-Form Health Survey (SF12) [21] . The 12 questions are summarized into a physical component (SF12-PCS) score and a mental component score (SF12-MCS). The SF12 has been translated into Chinese and validated in Hong Kong [22] .
Statistical Analysis
Descriptive statistics assessed pain characteristics, depression, and QoL scores of the sample. Regression models were used to investigate the pain-depressionQoL mediation chain. Separate models were fitted to SF12-MCS and SF12-PCS in examining QoL as an outcome variable. For pain to be a mediator of depression and QoL, four criteria as proposed by Baron and Kenny [23] need to be met: (1) depression should significantly predict pain, (2) pain should significantly predict QoL, (3) depression should significantly predict QoL, and (4) controlling for pain, the relationship between depression and QoL should be reduced or no longer significant. Perfect mediation is established if the association between depression and QoL is reduced to zero. The Sobel test [24] determined whether pain carried the influence of depression to QoL. These criteria were also applied to test the mediating effect of depression. A series of four regression models were used to individually test each of these three-variable mediation chains. The results of separate regression analyses showed none of the socio-demographic variables predicted QoL (all p > 0.05); they were therefore dropped as covariates from subsequent regression models. In all regression analyses, the pain variable was indexed by the CPG classification as it takes into account both pain intensity and pain disability. All data analyses were performed using SPSS version 15.0.
Results

Prevalence of pain, CPG classification, and means scores of depression and QoL measures
Only 8% of the sample reported no pain symptom in the past 3 months (Table 1) . Those with pain symptoms (92%) experienced an average of 3.81 painful areas (SD = 2.53) with 44% reporting 3-5 painful areas. Of the symptomatic subjects, 20% met the classification of Grade III or above. The proportions of those being classified as Grade Zero, Grade I, and Grade II were 0%, 31.1%, and 45.3% respectively. The mean scores of HADS-D, SF12-MCS, and SF12-PCS were 7.63 (SD = 3.87), 35.72 (SD = 5.75), 35.80 (SD = 9.28) respectively.
Mediation in the pain-depression-QoL relationships
The results of Model 1 (Table 2) showed a significant inverse relationship between depression scores and mental QoL (b = -0.154, p < 0.05), whereas depression was positively related to pain (b = 0.271, p < 0.001). Pain was significantly and inversely related to QoL (b = -0.201, p < 0.001). When mediation was controlled, depression remained inversely associated with QoL (b = -0.111, p < 0.005), demonstrating a partial mediation effect of pain between depression and QoL. Sobel's test indicated pain's role as a mediator the depression-QoL relationship (z = -3.124, p < 0.005) (Figure 1) .
In Model 2, depression was inversely associated with physical QoL (b = -0.311, p < 0.001) and pain was inversely associated with QoL (b = -0.106, p < 0.05). After controlling for pain, depression remained significantly associated with QoL (b = -0.304, p < 0.001). The result of Sobel test however suggested the reduction in standardized beta coefficients after controlling for mediation was not significant (z = -1.929, p > 0.05)
Results of Model 3 indicated that after controlling for depression, pain significantly associated with mental QoL (b = -0.170, p < 0.05). Although the standardized beta coefficients were reduced after controlling for mediation, the reduction was not statistically significant as suggested by the Sobel test (z = -1.853, p > 0.05).
In Model 4, after controlling for depression, pain no longer significantly associated with physical QoL (b = -0.026, p > 0.05). The result of Sobel test offered further evidence for the partial mediating effect of depression to the pain-QoL association (z = -4.045, p < 0.001) (Figure 2 ).
Discussion
We know of no other prior studies that evaluated the pain-depression-QoL mediation chain by testing the differential effects on the physical and mental dimension of QoL independently. Regression analyses showed that pain and depression impacted differently on the mental and physical aspect of QoL. Pain significantly mediated the depression-QoL link for the mental aspect (Model 1) whereas depression significantly mediated the painQoL link for the physical aspect (Model 4). When pain was the mediator, it accentuated the negative effects of depression on mental functioning. The indirect effect of pain on the depression-QoL pathway was 0.043, suggesting that about 28% of the effect of depression on the mental aspect of QoL went through the mediator of pain, and over 72% of the effect was direct. When depression was the mediator, depressive symptoms accentuated the negative effects of pain on physical QoL. The indirect effect of depression on the pain-QoL link pathway was 0.08, indicating that about 75% of the effect of pain on QoL impacted through the mediator of depression, and 25% of the effect was direct. Statistically, the mediation of depression (Model 4: 75%) exerted the strongest effect (cf. Model 1: 28%). These findings offer insights to the current understanding on the paindepression relationship that whether pain and depression be a predictor or mediator in impacting QoL is dependant on the specific aspect of QoL in question.
The high prevalence of pain symptoms (92%) might be explained by the ubiquitous use of computers in the Table 1 Pain characteristics and means of depression and  QoL teaching profession. Yet, further investigation is needed to confirm the current prevalence estimate of chronic pain among professional teachers. It should be noted that among the symptomatic subjects, 28.5% of them were classified as Grade Zero, suggesting that pain did not lead to disability among these subjects. Research has documented a higher tendency for somatization in Chinese culture [25] . However, as we did not assess pain etiology or somatization, we cannot determine from the present data whether somatization contributed to the high prevalence of pain. Despite the significant findings from this exploratory study, the relationship between pain, depression, and QoL should be considered tentative. While the present study assessed pain severity, future investigations should explore how different dimensions of pain (e.g., pain location and number of pain areas) impact depression and QoL. As other factors may also be involved in the mediation chain, future attempts should also explore the possible range of interaction between variables. Also, the extent to which causes of pain symptoms influence the relationship between pain and physical QoL remain unclear; this issue should be addressed in future research. The cross-sectional design of this study did not allow us to infer causality. Cautions should be exercised when interpreting and generalizing the current findings in other populations as the present sample consisted of mainly Chinese female (78.2%) teachers. Previous studies show that the experience of pain varies across cultures. Replication of the present findings in other cultures is therefore warranted [26, 27] . Even within the Chinese population, future studies should validate the present finding using a more representative sample with diverse socio-economic background.
